Dentinal tubules have generally been considered to be occupied only by the cytoplasmic processes of odontoblasts. Recently, however, JOHANSEN and PARKS [1] and FRANK [2] found unmineralized collagen fibers along with the odontoblastic process in dentinal tubules. JAMES [3] failed to find odontoblastic processes in the peripheral parts of the dentinal tubules in his histochemical study and this was confirmed by BRANNSTROM and GARBEROGLIO [4] . According to FURSETH and MJOR [5], only an amorphous substance and collagen fibrils were observed in the obturated dentinal tubules in the cortico-steroid covered dentin. Based on these reported studies, there could be a relationship between the appearance of collagen fibers in the dentinal tubule and disappearance of the cytoplasmic process.
Dentinal tubules have generally been considered to be occupied only by the cytoplasmic processes of odontoblasts. Recently, however, JOHANSEN and PARKS [1] and FRANK [2] found unmineralized collagen fibers along with the odontoblastic process in dentinal tubules. JAMES [3] failed to find odontoblastic processes in the peripheral parts of the dentinal tubules in his histochemical study and this was confirmed by BRANNSTROM and GARBEROGLIO [4] . According to FURSETH and MJOR [5] , only an amorphous substance and collagen fibrils were observed in the obturated dentinal tubules in the cortico-steroid covered dentin. Based on these reported studies, there could be a relationship between the appearance of collagen fibers in the dentinal tubule and disappearance of the cytoplasmic process.
The present report deals with the intratubular structures observed in the dentinal tubules with a scanning electron microscope.
Materials and Methods
Thirty (30) impacted human third molars immersed in neutral formalin solution immediately after extraction were used in this study. These teeth were fractured with a chisel so that the dentinal tubules were severed in a longitudinal or oblique direction. After further fixation in neutral formalin, the fractured pieces were dehydrated in alcohol and acetone and dried at room temperature. The fractured surfaces of the pieces were then coated with gold and observed under the scanning microscope.
The site of observation was the mature dentin at a distance of about 1.5 mm from the dentinoenamel junction.
Results
Dentinal tubules observed at the fractured surface of the dentin were practically empty and the tubule wall consisted of peritubular dentin. In a few dentinal tubules, cytoplasmic processes of odontoblasts similar to those observed by KUWAJIMA et al. (6) were noted.
In some dentinal tubules, on the other hand, there were thread like structures running over the surface of the peritubular dentin ( Figs. 1 and 2 ). These bundles were Dept. of Anatomy, Nihon University School of Dentistry, Tokyo (Director: drof Sohiti ISOKAWA).
oriented with the long axis of the dentinal tubules. These fibers or bundles varied in diameter with branches forming a network in some areas (Figs. 2 and 3) . The scanning image of the intratubular fibers (Fig. 3) was quite similar to the image of the dentin matrix fibers previously reported from this laboratory. These fibers apparently are not oriented with the numerous small holes in the tubule walls for the lateral branches of the odontoblastic processes.
No nerve-like fibers were seen in the dentinal tubules, which either contained intratubular fibers or were empty.
Discussion
Collagen fibers in the dentinal tubules were reported by JOHANSEN and PARKS [1] . Since then several other studies were conducted on intratubular collagen fibers including GARANT'S report [7] on the presence of collagen fibers and an amorphous substance in the distal portions of dentinal tubules. Most of the studies, however, utilized the transmission scanning microscopic observations.
In this laboratory, DEGUCHI [8] and IMAI [9] provided in the Japanese language a sketchy description of intratubular fibers. The structures viewed in the present study are more clearly shown.
It was not possible in this study to show the composition of these fibers with the scanning microscope. However, the close similarity of these structures to the dentin matrix fiber already observed certainly might indicate that these are in fact collagen fibers.
FRANK [2] reported nerve fibers located in the dentinal tubules near the pulp and presumed that these nerve fibers did not extend through the entire length of the tubule. The present study failed to show nerve-like fibers in the tubules. It may not be ruled out, however, that nerve fibers were hidden in the intratubular fibers. Dentin fibers have been classified into three groups according to their orientation (9, 10) . One of these, the longitudinal matrix fiber agrees with intratubular fiber as to its direction, so that on this basis they might be considered identical. The intertubular fibers seen, when the tubular lumen are exposed, are definitely a part of the peritubular dentin, therefore, probably being entirely different than the longitudinal matrix fiber. According to ISOKAWA et al. [11] , the fibers system of peritubular dentin consists of a network of fibers running vertically and parallel to the long axis of the dentinal tubule. Consequently the intratubular fiber has little to do with the dentin matrix proper.
Although the present observations were carried out on dentinal tubules around the central part or the crown dentin, cytoplasmic processes of odontoblasts were very rarely found in the tubules. These findings are also supported by studies of JAMES [3] , ROBINSON and IEFKOWITZ [12] , ISOKAWA et al. [13] , BRANNSTROM and GARBERGLIO [4] and GARANT [7] . The amorphous substance observed in the distal dentinal tubules by FURSETH and MJOR [5] and cementing substance observed predentin under the scanning microscope by OYANAGI [14] were not found in the dentinal tubules.
The formation and function of intratubular fibers shown in this study represents a future research problem. FURSETH and MJOR [5] and GARANT [7] have infered that the intratubular fiber might participate in the formation of calcified deposits at the time of closure of the traumatized dentin tubules. There appears to be some relationship between the disappearance of the cytoplasmic processes and the appearance of these fibers but no real evidence for this can be established by this study.
Conclusion
Human impacted third molars fixed in neutral formalin after extraction were fractured. The exposed dentinal tubules on the fractured surfaces were studied with a scanning microscope. The areas examined consisted of crown dentin at a distance of about 1.5 mm from the dentinoenamel junction. In many of the dentinal tubules observed no odontoblastic processes were noted. Instead, intratubular fibers possibly composed of collagen fibers were found. The peritubular dentin walls of the dentinal tubules observed were lined with these intratubular fibers.
